1. Introduction {#sec1}
===============

Prostate cancer (PCa) is the second most prevalent cancer in men worldwide [@bib1]. However, large variations in incidence rates exist between geographical regions, with a 25-fold difference between countries with the highest and lowest incidence rates [@bib2]. There were 307,000 deaths from PCa in 2012, and it is the fifth leading cause of death in men globally. There is relatively less variation in mortality rates worldwide (10-fold variation from approximately 3 to 30 per 100,000).[@bib1] The mortality rates have been declining in many developed countries in part because of improved treatment.

The incidence of PCa in Asian countries remains significantly lower than in Western countries.[@bib1] The highest estimated age-specific rate of PCa incidence occurs in Australia/New Zealand and Northern America (age-specific rate 111.6 and 97.2 per 100,000, respectively) compared to an estimated rate of 10.5 in Eastern Asia, 11.2 in Southeast Asia, and 4.5 in South Central Asia.[@bib1] However, the incidence and mortality of PCa is rising in several Asian countries.[@bib1], [@bib2] There is a lack of detailed information about the burden of PCa in Asia, which is geographically, ethnically, and economically diverse. A better understanding of the epidemiology of PCa within Asia, including its modifiable and nonmodifiable risk factors, may facilitate better health-care decision and policymaking.

The objective of this review of English language publications from the last 10 years is to describe the epidemiology, incidence, mortality, and risk factors of PCa in Eastern, Southeast, and South Central Asian populations and compare with data from Western countries.

2. Methods {#sec2}
==========

Eligible articles were identified via a search of PubMed. Published journal articles were eligible for inclusion in this review if they involved participants of any age with PCa of any histopathology, grade, and stage, where their PCa could be of any receptor, molecular, or genetic status; examined at least one of the following outcomes: PCa epidemiology, prevalence, incidence, and risk factors; were written in English; published in the last 10 years (January 2006 to September 2017); and reported data on human individuals from Asia. Medical subject headings were used to generate a search string that was used in the PubMed search (see [supplementary information](#appsec1){ref-type="sec"} for further details).

Article selection was performed in a manual nonblinded manner by a single person. Articles were excluded if their primary objective was to either examine the correlation of PCa with other types of cancer or to examine surgical treatments for PCa. No methods were used to assess the risk of bias in individual studies or across studies, and no meta-analyses were performed.

The methods used for the calculation of incidence and mortality rates that are reported in the Results section are detailed in the references associated with the reported data.

3. Results {#sec3}
==========

3.1. PCa epidemiology in Asia {#sec3.1}
-----------------------------

[Table 1](#tbl1){ref-type="table"} summarizes studies that have investigated the incidence and mortality of PCa in Asia. These studies provide evidence that the incidence of PCa is increasing in China,[@bib3] India,[@bib4], [@bib5] South Korea,[@bib6], [@bib7] Vietnam,[@bib8] Japan,[@bib9] and Singapore.[@bib10], [@bib11] The increase in incidence is also supported by data from Globocan from 2008 and 2012, shown in [Table 2](#tbl2){ref-type="table"}, which show that PCa incidence has risen in all areas of Asia in this time.[@bib1], [@bib2] [Table 3](#tbl3){ref-type="table"} shows the incidence and mortality data for 2012 for six countries in Asia.[@bib12] The incidence and mortality vary significantly across Asia. Many studies observed that the age-specific incidence rates increased with increasing age.[@bib4], [@bib10], [@bib13], [@bib14]Table 1Summary of studies investigating prostate cancer incidence and mortality rates in Asia.Table 1ReferenceLocationKey findingsZhao et al[@bib17], 2014Shanghai, China•Marked increase in PCa incidence between 2000 and 2009. There was an increasing trend in incidence in the 50- to 60-year age group (p = 0.047).•Mortality rates varied greatly in both districts. General decrease in PCa mortality, although trends were not statistically significant.•60- to 70-year age group accounted for the highest proportion of incidence.Shao et al[@bib90], 2012Eastern China•The overall survival and disease-specific survival rates demonstrated a trend toward improved survival in younger men.•Higher disease stage correlated with shorter survival (p \< 0.05).Ian et al[@bib91], 2008Macau, China•No significant difference in PCa incidence, pathology, and clinical stage between indigenous Chinese and Chinese of Portuguese descent cohorts in Macau.Vu et al[@bib8], 2010Vietnam•The number of PCa cases rose between 1999 and 2008 from 117 cases to 384 cases.Lalitha et al[@bib4], 2012India•Uniformly, the age-specific incidence rates increased with increasing age groups in all Indian population--based cancer registries, especially if aged above 55 years.•Peak incidence was observed at the age above 65 years.•Trend analysis revealed a steady increase in the crude rate of PCa in many cancer registries across India (apart from Nagpur).Yeole[@bib5], 2008India•Statistically significant increase in PCa incidence in all the registries (significant at 0.05 level).Chen et al[@bib10], 2012Singapore, Sweden, and Geneva•Age-standardized incidence rates above 50 years increased for all three countries. Occurred at a faster rate in Sweden and Geneva than in Singapore.•Higher age-specific incidence and mortality rates were found in the older age groups for all three countries.•Age-standardized mortality rates declined in the later periods (1998--2006) for all three countries.•Both incidence and mortality rates were lower in Singapore than in Sweden and Geneva.Lim et al[@bib11], 2012Singapore•Increase in incidence of PCa with AAR at 17.4 per 100,000 person-years in 1998--2002 and 26.7 per 100,000 person-years in 2005--2009. The incidence rates were higher than for Malaysia, China, and India.•Age-standardized mortality rate remained fairly stable at 5--6 per 100,000 person-years from 1998 to 2009.Ranasinghe et al[@bib13], 2011Sri Lanka•The standardized incidence rate was 5.7 per 100,000 person-years.•Most PCa diagnoses were seen in the 66- to 70-year age group.Koo et al[@bib6], 2015South Korea•Incidence of PCa was 18.4 per 100,000; 5-year prevalence as of 2012 was 70.1 per 100,000.•Between 2002 and 2009, annual percent increases in prevalence and incidence were 26.2 and 15.1%, respectively.Chi and Chang[@bib92], 2010South Korea•Findings suggest that the incidence of PCa in the investigators\' hospital had been stable over the previous 14 years.Moon et al[@bib16], 2009South Korea•The PCa death rate tripled between 1983 and 1988, tripled again by 1996, and more than tripled between 1996 and 2006 to 4.11 per 100,000.•Low death rates below 60 years of age and dramatically increased rates over 70 years of age, a trend particularly evident since the year 2000.Song et al[@bib14], 2008South Korea•The estimated cancer detection rate adjusted for age (55 years or older) was 3.36%, significantly higher than in most previous East Asian reports.Park et al[@bib7], 2006South Korea•Nationwide incidence was 7.9 per 100,000 man-years.•Regional rates ranged from 7.3 per 100,000 (in Daegu, third largest city) to 10.9 per 100,000 in Seoul (capital).•PCa mortality rates rose 12.7-fold from 0.30 to 3.82 per 100,000 man-years.Tseng[@bib15], 2011Taiwan•Trend of PCa mortality in the Taiwanese male general population from 1995 to 2006 has significantly increased (p \< 0.0001) for age groups 65--74 and 75 years.Kido et al[@bib93], 2015Japan•PCa was most prevalent among individuals in their 80s (33.3%), followed by those in their 70s (23.6%), 50s (14.3%), and 60s (11.4%).•The overall prevalence of PCa among individuals older than 49 years was 18.1%.Katanoda et al[@bib9], 2015Japan•Annual percentage change in PCa mortality rate was -1.3% from 2004 to 2013. There was an annual percentage change of 2.4% in PCa incidence from 2003 to 2010.[^1]Table 2Incidence and mortality data for prostate cancer from Globocan for regions in Asia.[@bib1], [@bib2], [@bib12]Table 2RegionIncidenceMortality2008201220082012Eastern Asia8.210.52.53.1South Eastern Asia8.311.25.16.7South Central Asia4.14.52.82.9[^2][^3][^4]Table 3Age-standardized incidence and mortality data from Globocan for 2012 for six countries in Asia.[@bib12]Table 3CountryIncidenceMortalityNumberASRNumberASRChina467455.3226032.5Japan5597030.4116445.0Korea1035130.316964.6Singapore121233.11694.5Thailand31827.217003.7India190954.2122312.7[^5]

The trends observed in PCa mortality rates in Asian studies were more variable. Tseng [@bib15] observed an increase in mortality in the Taiwanese population from 1995 to 2006, and increases in mortality have been observed in South Korea from 1983 to 2006.[@bib7], [@bib16] However, Chen et al[@bib10] observed that mortality rates declined from 1998 to 2006 in Singapore, and Lim et al[@bib11] reported that the mortality rate had remained fairly stable in Singapore from 1998 to 2009. Katanoda et al[@bib9] reported that the mortality rate in Japan had also remained fairly stable from 2004 to 2013. Zhao et al[@bib17] observed that although there appeared to be a general decrease in PCa mortality from 2000 to 2009 in Shanghai, China, the trend was not significant. Globocan data showed an increase in mortality rates across Asia, whereas in North America and Australia, the mortality rates had remained stable or declined.[@bib1], [@bib2]

The incidence rate in North America was up to 20 times greater than the incidence rate in Asia. However, the mortality rate was only around 2.5 times the rate in Asia.[@bib1] The mortality rate to incidence rate ratio (MR/IR) can give an indirect index for the evaluation of survival and early diagnosis.[@bib18] In 2012, the MR/IR was 0.1 in America, 0.18 in Europe, and 0.25 worldwide, whereas in Asia, this ratio ranged from 0.3 up to 0.6.[@bib1] The high MR/IR ratio may be due to the diagnosis of PCa at a later stage in Asia than in Western countries. There is evidence that patients are often diagnosed with late stage disease in Asia.[@bib19], [@bib20], [@bib21]

3.2. Modifiable risk factors {#sec3.2}
----------------------------

An increased incidence of PCa for Asian immigrants in Western countries compared to their native counterparts[@bib22] suggests that environmental factors may play an important role in the prevention of PCa. [Table 4](#tbl4){ref-type="table"} outlines the modifiable risk factors that have been investigated in various Asian studies; [Supplementary Table 1](#appsec1){ref-type="sec"} provides further details including the countries in which the studies were conducted.Table 4Modifiable risk factors for PCa in Asia.Table 4Increased riskDecreased riskNo effect or unclear associationHigh intake of red meat, fat, dairy, and eggs[@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib94]Consumption of fish[@bib29]Consumption of fish[@bib35]Genistein, daidzein, and isoflavone (in soy foods); advanced PCa only[@bib40]Consumption of vegetables, fruits, soy bean products, dietary fibre, fluid, green tea, and coffee[@bib24], [@bib25], [@bib26], [@bib38], [@bib39], [@bib41], [@bib42], [@bib95]Consumption of fruits and vegetables, green tea; genistein, daidzein, and isoflavone (in soy foods; localized PCa)[@bib29], [@bib30], [@bib33], [@bib34], [@bib36], [@bib37]Overweight and obesity[@bib25], [@bib43]Overweight and obesity[@bib42], [@bib44], [@bib45]Physical exercise[@bib25]Physical exercise[@bib42]Tobacco smoking; past smokers only[@bib25], [@bib29], [@bib34]Tobacco smoking[@bib24], [@bib27], [@bib45], [@bib46], [@bib47], [@bib96]Alcohol consumption[@bib29], [@bib48], [@bib96]Alcohol consumption[@bib24], [@bib27], [@bib34], [@bib45]

There were often contradictory findings for the various risk factors which could in part be due to differences in study design.

### 3.2.1. Dietary factors {#sec3.2.1}

The dietary factors in PCa may have an influence on circulating androgens and estrogens or as a general protective effect against mitogens.[@bib23]

#### 3.2.1.1. Meat, fat, eggs, and dairy products {#sec3.2.1.1}

A high intake of red meat, fat, dairy products, and eggs was found to be associated with an increased risk of PCa.[@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29] Meat is rich in saturated fat and cholesterol, and dairy products are also rich in saturated fats. However, this does not necessarily imply that animal fat is a risk factor for PCa. Other aspects need to be considered. For example, high levels of red meat consumption may also mean a lower consumption of plant foods. Dairy products also contain calcium and other substances such as zinc that may have an association with increased PCa risk.[@bib23] The manner in which food is prepared is also another important consideration.[@bib23] The consumption of meat and dairy products has significantly increased in Asia over recent years but is still lower than the amount consumed in Western countries.[@bib30], [@bib31]

#### 3.2.1.2. Fruits and vegetables {#sec3.2.1.2}

The frequent consumption of fruits and vegetables that contain vitamins, minerals, and other secondary plant products has long been thought to decrease cancer incidence and mortality. For PCa, there is some evidence that specific components or subgroups of fruits and vegetables such as lycopene or cruciferous vegetables may be associated with a decreased risk of PCa.[@bib32] Several studies found that the consumption of vegetables and fruits resulted in a decrease in the risk of PCa.[@bib24], [@bib25], [@bib26], [@bib29] However, two Japanese studies[@bib30], [@bib33] found that there was no association between vegetable and fruit intake and PCa risk. Thakur et al[@bib34] found no association between the consumption of a vegetarian diet and risk of PCa.

#### 3.2.1.3. Fish {#sec3.2.1.3}

A study in India[@bib29] found that the consumption of fish significantly increased the risk of PCa, whereas a Japanese study[@bib35] found that a high intake of fish may be inversely associated with the risk of PCa death. It is thought that the presence of omega-3 fatty acids in fish may reduce the risk of PCa. However, in these studies, the type and amount of fish consumed was not assessed which may help explain the difference in study results.

#### 3.2.1.4. Green tea {#sec3.2.1.4}

Green tea is a popular beverage in Asia and contains epigallocatechin-3-gallate (EGCG), an antioxidant that may play an important role in cancer prevention. Kurahashi et al[@bib36] found that the consumption of green tea (3 to 4 cups per day to greater than 5 cups/day) was associated with a decreased risk of advanced PCa, and Jian et al[@bib37] observed that PCa risk was reduced with increased consumption of green tea. However, several studies found no association between the consumption of green tea and the risk of PCa[@bib38], [@bib39]. The contradictory findings may in part be due to differences in study design, misclassification of results due to baseline assessments, or differences in how the tea was brewed.

#### 3.2.1.5. Soy products {#sec3.2.1.5}

Soy products are commonly found in traditional Chinese and Japanese diets, and there is some evidence that isoflavones found in soy products, such as genistein and daidzein, effect [o]{.ul}estrogen and testosterone metabolism and exhibit anticarcinogenic properties[@bib32], [@bib40]. Li et al[@bib41] found that the consumption of soy products (either more than twice a week or more than once a day) resulted in a protective effect against PCa. Nagata et al[@bib42] found that total isoflavones, genistein and daidzein, were significantly associated with decreased risk of PCa. Kurahashi et al[@bib40] found that although the consumption of genistein, daidzein and other isoflavones resulted in a decrease in the risk for localized PCa, they tended to increase the risk of advanced PCa.

### 3.2.2. Obesity and physical exercise {#sec3.2.2}

Masuda et al[@bib43] found a significantly increased risk of PCa and high-grade disease at biopsy among obese and overweight men in Japan. A study in Pakistan[@bib25] also found an increased risk for PCa for obese men with a body mass index[\>]{.ul}25. However, other studies have found no association with body mass index and risk of PCa[@bib42], [@bib44], [@bib45]. Nagata et al[@bib42] and Munretnam et al[@bib27] found no association between physical exercise and risk of PCa, whereas Bashir et al [@bib25] found that moderate physical exercise reduced the risk of PCa. However, the level of physical activity in the study was poorly defined. The contradictory results may be due to different study designs or a lack of statistical power due to a low frequency of obesity.

### 3.2.3. Tobacco and alcohol {#sec3.2.3}

Smoking may increase the risk of PCa as it is known to affect steroid levels and to contain multiple carcinogens.[@bib45], [@bib46] However, the findings for tobacco smoking were contradictory. Several studies found no association between smoking and the risk of PCa,[@bib24], [@bib45], [@bib46], [@bib47] whereas studies in Pakistan and North India found that smoking increased the risk of PCa.[@bib25], [@bib34]

Although two studies in India and China did find an increased risk of PCa associated with alcohol consumption,[@bib29], [@bib48] other studies found no association between alcohol consumption and the risk of PCa.[@bib24], [@bib34], [@bib45] The association of PCa with alcohol may be dose dependant. Light alcohol consumption may be antiinflammatory and antiandrogenic, whereas heavy alcohol intake may increase inflammatory responses or alter sex hormone levels.[@bib45] In the study by Subahir et al,[@bib24] the maximum mean alcohol consumption was two times per day, and this may be one reason why no association was observed.

3.3. Nonmodifiable risk factors {#sec3.3}
-------------------------------

Nonmodifiable risk factors encompass both physiological risk factors, such as age, ethnicity, and family history, and genetic factors, such as gene mutations and chromosomal, gene, or single nucleotide polymorphisms (SNPs). [Table 5](#tbl5){ref-type="table"} outlines the nonmodifiable risk factors that have been investigated in various Asian studies; [Supplementary Table 2](#appsec1){ref-type="sec"} provides further details including the countries in which the studies were conducted. Among the physiological risk factors, age and a family history of cancer were significant risk factors for PCa,[@bib24], [@bib25], [@bib49] although a Japanese study found no association between one\'s medical or family history and PCa risk.[@bib42]Table 5Nonmodifiable risk factors for prostate cancer in Asia.Table 5Increased riskDecreased riskNo effect or unclear associationOlder age[@bib25], [@bib49], [@bib97]Family history of cancer[@bib24], [@bib25], [@bib49]Family history of cancer[@bib42], [@bib98]Height[@bib99]Lower testosterone level[@bib51]Testosterone level[@bib50]Diabetes, type 2 diabetes, higher serum glucose levels, and high insulin levels[@bib15], [@bib52], [@bib53], [@bib54], [@bib55], [@bib57], [@bib58]Use of metformin to treat diabetes and high insulin levels[@bib56]Insulin growth factor (IGF)-1, IGFBP-3, insulin level[@bib44], [@bib50], [@bib59]Korean Americans compared to native Koreans and older immigration history[@bib22], [@bib60]First-generation immigrants to Sweden compared to Swedish-born men; Asian ethnic group in California compared to non-Hispanic white men.[@bib60], [@bib61]Various P450 polymorphisms[@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69] and polymorphisms at the 8q24 region[@bib70], [@bib71], [@bib72], [@bib73], [@bib74], [@bib75]

### 3.3.1. Testosterone levels {#sec3.3.1}

The responsiveness of PCa to hormonal therapy supports the view that testosterone might play an important role in the pathogenesis of PCa.[@bib50] However, results from two studies in China and South Korea regarding the association of levels of testosterone and PCa risk were unclear. Dai et al[@bib51] found that total testosterone levels were lower in patients with high-grade disease. Hong et al[@bib50] observed no association between testosterone levels and PCa.

### 3.3.2. Diabetes {#sec3.3.2}

Studies have shown an association between diabetes and cancer in Western countries,[@bib52] although the precise underlying biological mechanism remains speculative.[@bib32] Studies in Taiwan and Japan showed that patients with diabetes were reported to have a higher risk for PCa than nondiabetic patients.[@bib15], [@bib52], [@bib53], [@bib54] A study that conducted a pooled analysis from 19 Asian cohorts found that type 2 diabetes was associated with an increased risk of death from PCa.[@bib55] The use of metformin (a biguanide antihyperglycemic agent) was observed to reduce the risk.[@bib56] A study in South Korea found that higher fasting serum glucose levels were positively related to PCa susceptibility risk.[@bib57] The influence of insulin on the risk of PCa was unclear. A study in Nepal reported that high insulin levels were associated with an increased risk for PCa when compared to fasting levels (≤2.75 μU/mL).[@bib58] Separately, a Taiwanese study reported that exposure to human insulin had no effect on the risk of PCa,[@bib59] and a South Korean study reported that higher serum insulin levels were inversely related to PCa susceptibility risks.[@bib57] It has been reported in a Japanese study that insulin growth factor (IGF)-1 was not significantly associated with PCa, whereas IGF-2 and IGF-binding protein 3 (IGFBP-3) showed weak, nonstatistically significant associations.[@bib44] A study in South Korea[@bib50] also found no significant correlation between serum levels of IGF-1 and IGFBP-3 with known prognostic parameters of PCa.

### 3.3.3. Genetic factors {#sec3.3.3}

A study in Sweden found that Asian immigrants had significantly lower PCa risk than native Swedes and that older age at immigration and a recent immigration history were significantly associated with lower PCa risk.[@bib60] Lee et al[@bib22] found that Korean immigrants living in America had a lower rate of PCa than black and white Americans but that PCa was higher in Korean Americans than in their native counterparts. They also observed that there had been a 71% increase in incidence rate of PCa for Korean Americans from 1988 to 2002. McCracken et al[@bib61] found that the incidence and mortality rate of PCa for five different Asian ethnic groups in California was lower than for non-Hispanic white men. Furthermore, groups with older immigration histories, such as Japanese and Filipinos, had a higher incidence and mortality rate than groups with more recent immigration histories.

One reason for the large difference in PCa incidence between Asian and Western countries may be due to different genetic backgrounds. Various genome-wide association studies have been carried out in Asia to identify genetic markers associated with PCa risk. Of the genetic risk factors studied, polymorphisms in the various genes of cytochrome P450 appear to be inextricably linked to the risk for PCa,[@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69] and a number of polymorphisms at the 8q24 region of chromosome 8 have also been identified as PCa risk factors.[@bib70], [@bib71], [@bib72], [@bib73], [@bib74], [@bib75] In addition, the predictive potential of a number of PCa risk--associated single nucleotide polymorphisms (SNPs) for PCa in Chinese, Malaysian, and Japanese men has been reported.[@bib27], [@bib76], [@bib77], [@bib78], [@bib79] [Table 6](#tbl6){ref-type="table"} shows PCa risk--associated SNPs that had been identified in men of European descent which were also identified in Chinese and Japanese men. Yamada et al[@bib79] evaluated 23, Liu et al[@bib76] evaluated 33, and Na et al[@bib77] evaluated 42 PCa risk--associated SNPs from European populations. The three studies identified that 7, 11, and 17 PCa risk--associated SNPs were replicated in Asian populations that were initially discovered from genome-wide association studies of European descent. A number of the same SNPs were identified across the three studies ([Table 6](#tbl6){ref-type="table"}). The prevalence of *TMPRSS2-ERG* fusion and *PTEN* inactivation in Asians may be approximately half that of Caucasians.[@bib80]Table 6PCa risk--associated SNPs from European populations found in Chinese and Japanese men.Table 6ReferenceStudy participants\' countryCountry of origin of previously identified SNPsSNPs*P*Yamada et al[@bib79], 2009JapanEuropeanrs26607530.0005rs132547385.3 × 10^−6^rs69835614.9 × 10^−8^[a)](#tbl6fna){ref-type="table-fn"}rs169019792.3 × 10^−8^[a)](#tbl6fna){ref-type="table-fn"}rs14472950.0084rs100901540.0038[a)](#tbl6fna){ref-type="table-fn"}rs44307964.9 × 10^−5^Liu et al [@bib76], 2011ChinaEuropean[a)](#tbl6fna){ref-type="table-fn"}rs14656180.020[a)](#tbl6fna){ref-type="table-fn"}rs7210480.042[a)](#tbl6fna){ref-type="table-fn"}rs126212780.019rs76796739.39E-03rs15122689.39E-04rs100869089.24E-04[a)](#tbl6fna){ref-type="table-fn"}rs169019795.15E-09[a)](#tbl6fna){ref-type="table-fn"}rs14472957.04E-06rs109939940.038[a)](#tbl6fna){ref-type="table-fn"}rs116497438.51E-03[a)](#tbl6fna){ref-type="table-fn"}rs57591674.81E-03Na et al [@bib77], 2013ChinaEuropean[a)](#tbl6fna){ref-type="table-fn"}rs169019792.33E-14[a)](#tbl6fna){ref-type="table-fn"}rs14472951.54E-10rs69832674.55E-10rs15122688.26E-09[a)](#tbl6fna){ref-type="table-fn"}rs44307965.15E-04rs6208611.63E-03[a)](#tbl6fna){ref-type="table-fn"}rs14656183.54E-03rs67639314.38E-03[a)](#tbl6fna){ref-type="table-fn"}rs7210481.14E-02[a)](#tbl6fna){ref-type="table-fn"}rs126212781.47E-02[a)](#tbl6fna){ref-type="table-fn"}rs116497433.15E-02[a)](#tbl6fna){ref-type="table-fn"}rs57591673.29E-02rs108759433.56E-02rs8873913.66E-02rs104865674.29E-02rs64656574.77E-02rs93645544.83E-02[^6]

4. Discussion {#sec4}
=============

Over the last 10 years, PCa incidence rates have steadily increased in a number of Asian countries, although the overall incidence rates for PCa in Asia continue to remain far below that for Western countries. The lack of systematic prostate screening programs in many countries in Asia may partly explain the lower incidence. However, Asian immigrants in the United States and Western Europe, who should have better access to prostate-specific antigen screening, still show a lower incidence of PCa than the native population living in the same regions.

The small value for MR/IR in North America and Europe may provide evidence that vigorous annual screening with prostate-specific antigen reduces PCa mortality.[@bib18] In comparison, survival rates are poor in Asian countries, and the lack of routine screening in Asia has been attributed to the diagnosis of the disease at later stages compared to Western countries.[@bib19] Studies of prostate screening programs in Japan found that there was an inverse correlation between the exposure rate to population screening and the proportion of advanced PCa.[@bib81] There is resource and economic variation within Asian countries compared to Western countries. Access to health care and resource availability may be other factors that affect both the incidence and mortality of PCa in Asia.[@bib82]

The findings obtained for modifiable risk factors for PCa in Asia indicate that environmental exposures probably play a major role, although the only identified factors associated with higher risk of PCa were high consumption of red meat, fat, dairy products, and eggs. These findings are in line with data from studies carried out in Europe and America which found that frequent consumption of dairy products and meat may enhance PCa risk. Similar to the studies carried out in Asia, the data from Western countries for preventative behavio[u]{.ul}ral factors were not entirely consistent.[@bib32] A lack of robust data on potentially modifiable factors means that there are no immediate prospects for population-based primary or secondary prevention strategies focused on altering diet or lifestyle.[@bib32], [@bib83]

In line with findings in Western countries, age and family history were nonmodifiable risk factors for PCa.[@bib32] There is little doubt that testosterone plays an important role in the development of PCa. However, there have been inconsistent findings on the relationship between testosterone and PCa.[@bib84] Various investigators have suggested that racial variations in serum levels of hormones, including testosterone along with its derivatives, exist and that hormonal differences might contribute to differences in PCa risks among different races.[@bib85] Han et al[@bib63] suggest that it is the age-related declines in testosterone levels that are significant to the genesis of PCa and not just the level at a single point in time, which could explain the inconsistent findings.

The association between diabetes and PCa has also been inconsistently reported. Some findings from studies with Caucasian men indicate that the risk of PCa may have an inverse relationship with diabetes.[@bib83], [@bib86] Turner et al[@bib83] suggest that the stage of diabetes may be important. Higher concentrations of insulin and [-]{.ul}IGF-1 are positively associated with PCa and are found in early diabetes, whereas lower insulin and IGF-1 levels occur in long-standing diabetes.[@bib83] Studies carried out in Asia indicated that there was a link between diabetes and PCa in Asian men.[@bib15], [@bib52], [@bib53], [@bib54], [@bib86] Furthermore, the finding that metformin (which generally works by reducing levels of both circulating glucose and insulin[@bib87]) reduced PCa risk and that elevated serum glucose levels increased the risk of PCa support an association between diabetes and PCa.

The influence of genetics on incidence of PCa has been well supported by epidemiologic studies of immigrant populations[@bib22], [@bib60], [@bib61]. Ewis et al[@bib88] found differences in the distribution of Y-chromosome haplotypes between Asian and Western populations. Several studies found that not all SNPs associated with PCa risk identified in men of European descent were replicated in Asian populations.[@bib76], [@bib77], [@bib79] These results also indicate that there may be differences in genetic determinants of PCa between different ethnic populations.[@bib76] Mao et al[@bib89] identified key differences in the somatic genomic alterations in PCa from Chinese and UK populations. Mao et al suggest that tumors may arise in Western and Chinese populations by alternative pathogenetic mechanisms. Several genetic risk factors for PCa in Asian populations have been reported. The most notable of these are polymorphisms in various cytochrome P450 genes that regulate androgen metabolism and variants at the 8q24 region of chromosome 8.

In summary, we have provided a review of the available data on the epidemiology of PCa in Asia from the last 10 years, and a number of potential risk factors for PCa in Asian populations have been identified.
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[^1]: AAR, age-adjusted incidence rate; PCa, prostate cancer.

[^2]: South Eastern Asia: Brunei Darussalam, Cambodia, Indonesia, Lao People Democratic Republic, Malaysia, Myanmar, Philippines, Singapore, Thailand, Timor-Leste, and Vietnam.

[^3]: South Central Asia: Afghanistan, Bangladesh, Bhutan, India, Iran, Islamic Republic of Kazakhstan, Kyrgyzstan, Maldives, Nepal, Pakistan, Sri Lanka, Tajikistan, Turkmenistan, and Uzbekistan.

[^4]: Eastern Asia: China, Japan, Democratic People\'s Republic of Korea, and Republic of Mongolia.

[^5]: ASR, age-standardized rate.

[^6]: ^)^SNPs identified in more than one study.
